ABSTRACT Spatial and temporal relationships among catches of adult stable ßies, Stomoxys calcitrans (L.), on sticky traps in eastern Nebraska were evaluated. Twenty-Þve alsynite sticky traps were placed in a 5 by 5 grid with Ϸ1.6-km intervals in a mixed agricultural environment from 2003 to 2011. Denser grids of 45Ð90 traps were implemented for varying lengths of time during the course of the study. More than two million stable ßies were collected over 9 yr. Seasonal abundances based upon total collections from the primary grid of 25 traps were bimodal most years with population peaks in June and September or October. Individual trap catches varied greatly, both spatially and temporally. Trap catches were spatially aggregated with autocorrelation extending to Ϸ2 km. Synchrony among trap catches declined linearly with respect to distance between traps and differences in seasonal distribution increased asymptotically relative to distance between traps. Proximity to conÞned livestock facilities increased catch and proportion of catch collected later in the season. Fifteen to 20 traps were adequate for estimating stable ßy populations with the standard error of the mean equal to 30% of the mean for most of the stable ßy season. Early and late in the season, when mean trap catches were low, between 100 and 135 traps would be needed to maintain that level of conÞdence. Seasonal collection distributions from permutations of subsets of the data with fewer than 24 traps differed signiÞcantly from those of the complete grid of 25 traps, indicating that 20 or more traps may be needed to evaluate the seasonal dynamics of a stable ßy population.
Sampling is the primary basis of integrated pest management and is an important component of nearly all ecological studies (Pedigo 1994) . Trap based sampling is often used to provide relative estimates of a subjectÕs population density. Interpretation of trap based sampling requires an understanding of parameters relative to the biology of the subject, the landscape, and trap characteristics. Among these are 1) vagility of the subject and effective range of the trap, 2) landscape features that can affect population densities in associated sampling units, and 3) dispersion patterns that affect variance among sampling units. In simpler terms, what does a trap catch represent and for how large of an area is it representative? Many studies have addressed these questions for relatively sessile subjects within the constraints of structurally homogeneous agricultural Þelds. However, few have attempted to address these questions relative to highly mobile subjects in heterogeneous environments such as muscoid ßies in mixed agricultural ecosystems (Guo et al. 1998 , Odulaja et al. 2001 . If it were possible to sample all of the sampling units making up a population, these questions would be moot. However, this is rarely possible for logistical reasons (Pedigo 1994) . Therefore, data from sparse sampling grids must be extended to develop conclusions relative to populations.
Stable ßies, Stomoxys calcitrans (L.), are among the most important arthropod pests of livestock with damages estimated to exceed US$2 billion per year in the United States alone (Taylor et al. 2012) . In spite of their economic importance, the dynamics of stable ßy populations are poorly understood. This is especially so in the pasture environment where stable ßies have emerged as a major problem only in the last 30 yr (Hall et al. 1982 , Broce et al. 2005 . Population dynamics can be considered on two levels, spatial and temporal. Temporal dynamics of stable ßy populations have been addressed by several studies (Scholl 1986 , Mullens and Meyer 1987 , Lysyk 1993 , Guo et al. 1998 , Broce et al. 2005 , Taylor et al. 2007 , Pitzer et al. 2011 , Skovgård and Nachman 2012 . Those studies found temperature and precipitation to be primary determinants of stable ßy population levels. Spatial dynamics of stable ßy populations have received less attention. Guo et al. (1998) observed higher stable ßy catches on traps located between cattle and trees, and collections decreased geometrically with distance from cattle in open areas. The number of traps used by Guo and coworkers was limited as were the distances between traps and types of habitats within the study area.
The objectives of this study were to 1) characterize spatial patterns of adult stable ßy trap catches in a diverse agricultural environment, 2) assess the inßu-ences of conÞned livestock facilities on dispersion, 3) examine temporal and seasonal synchrony of trap catches on a spatial scale, and 4) determine the optimal number of traps needed to estimate a stable ßy population on spatial and temporal scales.
Materials and Methods
This study was conducted at the University of Nebraska Agriculture Research and Development Center (ARDC) located near Ithaca, NE. ARDC encompasses Ϸ4,000 ha of crop land and pastures. A 250-cow dairy and two feedlots are located on the property. The "old feedlot" with a capacity of 1,300 head was occupied throughout the study period. A second feedlot "new feedlot" with a capacity of Ϸ700 head, was developed in 2006. The Mead Cattle Company with a capacity of Ϸ30,000 head, was located adjacent to the northern border of the study area. Approximately 1,000 ha of pasture, primarily in the southeastern portion of the property, support an Ϸ400-cow beef herd (Fig. 1) .
A grid of 25 Broce Alsynite sticky traps (Broce 1988 ) (1Ð25 on Fig. 1 ) was maintained from May 2003 to December 2011 (Table 1) . Traps were placed in an approximate 5 by 5 grid (Fig. 1) , separated by 1.6 km (1 mile) and serviced twice per week (3-or 4-d intervals) throughout most of the season. During the winter, when trap catches were low or zero, traps were collected once per week. A denser trap grid, Ϸ0.8-km Table 2 ). All traps were serviced at 1Ð2-d intervals during those periods for 61 sampling dates in total. Traps were placed in the open with little or no shading by trees or other large vegetation. Most were in road right-of-ways; however, several of the dense grid traps were placed in the middle of sections. Universal transverse mercator (UTM) coordinates for traps were determined with a Garmin eTrex Legend GPS (Garmin International Inc., Olathe, KS) with an indicated accuracy of 5 m.
Trap locations were projected onto USDA-FSA-APFO NAIP MrSID Mosaic aerial photographs dated 2010 with ArcView 9.3 (ESRI, Redlands, CA) using the NAD 1983 UTM zone 14N projection. Positions of landscape features were determined from the NAIP imagery.
Weather data were obtained from the High Plains Regional Climate Center (University of Nebraska, Lincoln, NE) MEADTURFFARM station located in the approximate center of the ARDC property. De- gree-days were calculated from daily maximumÐmini-mum temperatures by using sine-wave integration (Allen 1976 ) with a threshold of 10ЊC (DD 10 ). Cumulative degree-days (cDD 10 ) were calculated starting with 1 January of each year. Spatial Patterns. Four methods were used to characterize spatial patterns of adult stable ßy trap catches. Data from the 61 sampling dates with the high density trap grid were used for these analyses. MorisitaÕs I m and TaylorÕs power law are spatially implicit methods for measuring aggregation (Morisita 1959; Taylor 1961 Taylor , 1984 . Because data are not spatially referenced, the spatial scale of their inferences are not known (Kamdem et al. 2012) . MorisitaÕs I m is the probability that two randomly drawn individuals will be from the same trap relative to that same probability if the individuals were drawn from a randomly distributed population. A value of I m near one indicates random dispersion. Values Ͻ1 indicate uniform dispersion and Ͼ1 indicate aggregation. MorisitaÕs I m is independent of mean population size, but strongly related to number of samples. The software package PASSaGE version two (Rosenberg and Anderson 2011) was used to calculate MorisitaÕs I m . A one-sided chi-square test with n-1 degrees of freedom was used to evaluate the null hypothesis that I m does not differ from one (Brower et al. 1990 ). MorisitaÕs I m values were log transformed before calculating means and standard errors and transformed back to original units for presentation. TaylorÕs power law, S 2 ϭ ax b , models the relationship between the mean and variance. The coefÞcient a is a scaling factor and b is an indicator of dispersion; b ϭ 1 indicates random dispersion, b Ͼ 1 aggregated, and b Ͻ 1 uniform (Taylor 1961 , Davis 1994 . CoefÞcients a and b were derived by linear regression by using a log-log plot of means and variances of samples. SigniÞcance of the departure of b from one was evaluated with a t-test (Zar 1999) .
In addition, two spatially explicit metrics, MoranÕs I and Spatial Analysis by Distance Indices (SADIE) were evaluated. MoranÕs I measures the correlation between the catch of a trap with that of its neighbors within designated lag distances. Like a correlation coefÞcient, MoranÕs I varies from Ϫ1 indicating uniform dispersion to one indicating complete aggregation. Zero indicates random dispersion. MoranÕs I was calculated for each of the 61 sampling dates with the high density trap grid separately as well as for a pooled data set of all 61 sampling dates combined. Temporal variation was adjusted for in the pooled dataset by evaluating the residuals of the negative binomial analysis of variance (ANOVA) model with year, week, and their interaction as categorical independent variables. The software package PASSaGE version two (Rosenberg and Anderson 2011) was used to calculate MoranÕs I and develop correlograms. SADIE is a spatially explicit method that does not assume stationarity or normality of trap catch data as does MoranÕs I (Perry and Hewitt 1991) . The SADIE index, I a , is the ratio of the minimum distance (D) individuals would need to travel to attain equal abundance in all samples of the observed data relative to D for a series of random realignments of the data.
Relation to Confined Livestock. The relationships between trap catches and conÞned livestock facilities were evaluated by converting trap counts (c i ) to a binomial variable equal to 0 if c i Ͻ median of all traps (c) and one if c i Ͼ c. Observations where c i ϭ c were excluded from the analysis. The binomial variable was used as the dependent variable for a logistic regression with 0.5-km distance lags between traps and the four conÞned livestock operations associated with the study area (Old Feedlot, New Feedlot, Mead Cattle Co., and Dairy) and the nearest conÞned livestock facility as independent variables (Proc GLIMMIX, SAS Institute 2012). This analysis resulted in a function relating the distance of a trap from a conÞned livestock facility to the probability of having
Synchrony. Spatial aspects of synchrony among trap catches were examined using cross-correlation coefÞcients and correlograms (Bjørnstad et al. 1999 ). First differences in weekly trap catches were calculated as z t ϭ log c t Ϫ log c t Ϫ 1 where c t is the current weekÕs catch and c t Ϫ 1 is the previous weeks catch. Covariance was calculated as
where T is the number of points in the time series (weeks). The cross-correlation coefÞcient r was calculated as r ϭ cov(i,j)/␦ i ,␦ j where ␦ i and ␦ j are the standard deviations for z i and z j , respectively. Catches from the 25 trap grid were used for this analysis. Distance lags of 0.85 km were used for the correlogram. The relationship of cross-correlation coefÞ-cients to distances between traps was assessed with linear regression (Proc GLM, SAS Institute 2012). SigniÞcance of the regression analyses was evaluated with a Mantel Test (Koenig 1999 ). Variation in seasonal patterns of trap catches were evaluated by pairwise comparisons of individual trap empirical distribution functions (EDF) and EDF of individual trap catches to that of pooled catches using the KolmogorovÐSmirnov D statistic (KS-D; Proc NPAR1WAY; SAS Institute 2012). KS-D is a measure of the maximum divergence of two EDFs. The relationship of distance between traps to similarity of seasonal collections was evaluated by allocating pairwise comparisons to 0.85-km distance lag classes. Class mean KS-Ds were regressed relative to mean distance of each lag (Proc NLIN, SAS Institute 2012). SigniÞ-cance of the regression analyses was evaluated with a Mantel Test (Koenig 1999) . Spatial patterns of seasonal variation were examined by ranking median cDD 10 for each trap-year combination. The cDD 10 rankings were used in cluster analysis (Proc CLUSTER, SAS Institute 2012) to visualize similarities among traps. Logistic regression was used to determine P(c i Ͼ c) for traps in each of the identiÞed clusters and one-way ANOVA was used to evaluate distance to the nearest conÞned livestock facility for traps in each cluster.
Number of Trapping Units. The optimal number of sample units or traps needed to estimate stable ßy population size was calculated using TaylorÕs power law (Buntin 1994 )
where N is the optimal number of sample units or traps, a is the exponent of the intercept of the least square regression with the natural log of the sample variance as the dependent variable and natural log of the sample mean as the independent variable, b is the slope of the same regression, and C is the level of precision expressed as variation relative to the mean (Taylor 1961 , Buntin 1994 . Five conÞdence levels, C ϭ 0.1, 0.2, 0.3, 0.4, and 0.5, were evaluated. Linearity of the log-log response was examined by including a term for ln (mean) 2 in the initial regression equation and testing for signiÞcance of the deviation of the coefÞcient for that term from zero. All trap samples were used for this analysis. The number of traps per sample varied from 25 to 90.
The number of traps needed to assess seasonal patterns of trap catches was evaluated by comparing EDFs of the 25 trap grid for each year to those of randomly permuted subsets with one to 24 traps. KS-D values and the probability of a greater value (P) were determined for each permutation relative to the complete dataset (Proc NPAR1WAY, SAS Institute 2012). Mean KS-D and respective P values from 1,000 permutations at each number of traps were determined. KS-D and P values were log transformed before analysis and transformed back to original units for presentation.
Results
In total, 2,022,161 stable ßies were collected during the 9 yr of this study (1, 391, 191 on the primary grid of 25 traps) ( Table 1) . Average annual stable ßy collections from individual traps ranged from 1,780 on trap 5 to 29,568 on trap 11. Most years, the Þrst stable ßies were collected in March. Trap catches peaked in midJune and began to decline in mid-July. A second peak usually was observed in September or October. Collections then declined until the Þnal ßies were collected in late November (Fig. 2) .
For the 25 trap grid, the mean distance from a trap to its nearest neighbor was 1.36 Ϯ 0.05 km, to its furthest neighbor, 7.16 Ϯ 0.22 km, and the maximum distance between two traps was 9.17 km. (Table 2) . Residuals of trap catches from the ANOVA with year, week, and year ϫ week interaction as categorical independent variables were spatially autocorrelated for traps within 2 km of each other (Fig. 3) .
SADIE I a values for the high density trap grid varied from 0.99 to 2.39 and were signiÞcantly Ͼ1 for 35 of the 61 sample dates. Median P values were Ͻ0.05 for 2010 and 2011 (Table 2) . Positive clusters as identiÞed by SADIE were primarily on the western one-half of the study area. However, the location and extent of those clusters varied from day to day. Confined Livestock. Distances between traps and the four conÞned livestock operations were correlated because the operations were all located in the western portion of the study area (Fig. 1) . Therefore, conÞned livestock operations were evaluated individually. The probability of a trap catch, c i , being greater than the median, c, (P[c i Ͼ c]) differed among distance annuli for Old Feedlot (F ϭ 39.87; df ϭ 13, 5136; P Ͻ 0.05), New Feedlot (F ϭ 43.25; df ϭ 11, 5138; P Ͻ 0.05), Mead Cattle Co. (F ϭ 20.20; df ϭ 17, 5132; P Ͻ 0.05), Dairy (F ϭ 28.13; df ϭ 15, 5134; P Ͻ 0.05), and nearest conÞned livestock facility (F ϭ 44.04; df ϭ 11, 5138; P Ͻ 0.05; Fig. 4) . The relationship was linear and negative for Old Feedlot (F ϭ 384.67; df ϭ 11, 5148; P Ͻ 0.05), New Feedlot (F ϭ 387.66; df ϭ 1, 5148; P Ͻ 0.05), Dairy (F ϭ 236.02; df ϭ 1, 5148; P Ͻ 0.05), and nearest facility (F ϭ 282.17; df ϭ 1, 5148; P Ͻ 0.05). The relationship between distance and P(c i Ͼ c) for Mead Cattle Co. was not linear (F ϭ 0.14; df ϭ 1, 5148; P Ͻ 0.711). The mean distance of a trap with c i Ͼ c from the nearest conÞned livestock facility was 1.84 km, whereas that for a trap with c i Ͻ c was 2.49 km. The logistic model for distance to the nearest facility was logit P(c i Ͼ c) ϭ 0.74 Ð 0.37d where d is the distance (km) to the nearest conÞned livestock facility. P(c i Ͼ c) was higher, 0.73, for a trap located on or adjacent to a feedlot compared with 0.47 for a trap not on or adjacent to a feedlot (F ϭ 49.9; df ϭ 1, 5148; P Ͻ 0.05). Similarly, P(c i Ͼ c) for a trap in or adjacent to a pasture was 0.54, whereas that for one not located in or adjacent to a pasture was 0.45 (F ϭ 39.6; df ϭ 1, 5148; P Ͻ 0.05) and for a trap on the dairy, P(c i Ͼ c) was 0.62 compared with 0.48 for one not on the dairy (F ϭ 5.56; df ϭ 1, 5148; P Ͻ 0.05).
Synchrony. Mean cross-correlation coefÞcients for synchrony varied from 0.50 in 2006 to 0.65 in 2003 (Table 1) . Synchrony coefÞcients decreased linearly in relation to distance ( Fig. 5 ; P Ͻ 0.05) with no indication of leveling to a background level. Assuming continuation of the linear trend, the synchrony coefÞcient would approach zero at Ϸ32 km. Although the assumption of continued linearity is improbable and the regional background value for the coefÞcient is probably greater than zero, the x-intercept value indicates an upper limit for the coefÞcient to approach the background level. The maximum distance measured in our study, 9 km, represents the lower limit.
Seasonal (Table 1) . As an example of the level of variance observed, in the last week of August 2011 trap 1 had collected 89% of its annual total, whereas trap 11 had collected only 19% (Fig. 6) . Those two traps were separated by Ϸ6 km (Fig. 1) . KS-D increased curvilinearly relative to distance between traps ( Fig. 7 ; P Ͻ 0.05). The function was KS-D ϭ 0.26 ϫ (1 Ϫ e Ϫ0.78 ϫ dist [km] ). KS-D values approached the asymptote at Ϸ3 km.
Cluster analysis of traps based upon rankings for median cDD 10 revealed three clusters. Mean median cDD 10 for cluster 1 traps was 1,295 compared with 793 for cluster 3 traps (Table 3) . Cluster 1 traps had a higher P(c i Ͼ c) (F ϭ 654; df ϭ 2, 14017; P Ͻ 0.05) and were located closer to the nearest conÞned livestock facility (F ϭ 7.36; df ϭ 2, 22; P Ͻ 0.05). Traps in cluster 3 had the lowest P(c i Ͼ c) and, on average, tended to be located further from conÞned livestock facilities.
Number of Traps. The coefÞcient for the ln(mean) 2 term did not differ from zero in the sample mean and variance log-log plot (F ϭ 0.82; df ϭ 1, 489; P ϭ 0.37) indicating the data Þt the expectations of TaylorÕs power law with an intercept of 1.91 and slope of 1.69 (F ϭ 10,014; df ϭ 1, 490; P Ͻ 0.05; r 2 ϭ 0.95). The optimal number of traps was estimated with equation 1 by using a ϭ e 1.91 ϭ 6.75, b ϭ 1.69, and the sample mean for m. Intercept values indicated the log of the number of traps needed to sample the stable ßy population with the indicated degree of conÞdence and m ϭ 1. Results indicated that 676 traps are needed to maintain a conÞdence level of 0.1. Similarly, 169, 75, 42, and 27 traps are needed to maintain conÞdence levels of 0.2, 0.3, 0.4, and 0.5 of the mean, respectively. The mean number of stable ßies collected per trap exceeded 10 for 30 of the 38 wk ßies were collected during the 9 yr of the study. Setting m ϭ 10 results in optimal trap numbers of 335, 84, 37, 21, and 13 for C ϭ 0.1, 0.2, 0.3, 0.4, and 0.5, respectively. Conversely, with the 25 trap grid, we expect a precision level of 37% with a mean of 10 ßies per trap and 26% with 100 ßies per trap. Using mean weekly trap catches, the optimal number of traps needed at the 0.3 conÞdence level is illustrated in Fig. 8 . Between 100 and 190 traps are needed during early spring to estimate stable ßy population levels. Subsequently, for most of the season, 20 Ð30 traps are adequate.
In addition to estimating population levels, traps are used to estimate seasonal or temporal dynamics of a population. In this study, we observed high levels of variation among traps with respect to temporal catch patterns (Fig. 6) . This raises the question of how many traps are needed to estimate the temporal or seasonal dynamics of a stable ßy population? When annual EDFs for the primary grid of 25 traps pooled were compared with random combinations of subsets of that grid, mean KS-D values varied from 0.19 with one trap to 0.008 with 24 traps (Fig. 9 ). The mean P value for 1,000 iterations with 24 traps was 0.27 and mean P values for iterations with fewer than 24 traps varied from 0.05 for 23 traps to 1.8 ϫ 10 Ϫ9 for one trap (Fig. 9) .
Discussion
Spatial Patterns. All indices of dispersion indicated that stable ßy populations were aggregated. However, the spatially implicit metrics, MorisitaÕs I m and TaylorÕs power law, indicated higher levels of aggregation than did the spatially explicit metrics, MoranÕs I and SADIE. Values of MoranÕs I did not differ from zero for onethird of the high density grid samples and SADIE I a did not differ from one for nearly one-half of the samples. This is most likely the result of the high density trap grid being too sparse (Ϸ0.9 km to nearest neighbor) to consistently detect spatial autocorrelation. The result was high levels of variance among individual trap catches resulting in signiÞcant values for MorisitaÕs and TaylorÕs Indices, but limited correlation of trap catch levels among neighboring traps. Pooling samples increased the power of the spatially explicit analyses resulting in signiÞcant values for MoranÕs I up to Ϸ1.5 km (Fig. 3) .
Confined Livestock. Stable ßy trap catches were more likely to exceed the median when they were associated with conÞned livestock facilities and pastures. Guo et al. (1998) documented that stable ßy catches were higher on traps located near feedlot pens and decreased geometrically with distance from the pens. They collected Ͼ99% of the ßies within 10 m of the pens. However, in their study, they did not sample Ͼ50 m from the pens. We found the range of inßuence of conÞned livestock facilities to be Ϸ2 km (Fig. 4) .
Synchrony. Temporal synchrony among disjunct populations has received a great deal of attention from both theoretical and empirical realms (Moran 1953 , Bjørnstad et al. 1999 , Liebhold et al. 2004 . In disjunct populations, the emphasis has been upon explaining causes of synchrony with dispersal and common extrinsic factors such as weather or trophic interactions being primary factors. Few studies have addressed synchrony among sampling units within continuous populations. In this case, the expectation is synchrony and the challenge is to explain the lack thereof when observed. Stable ßies are highly mobile and the maximum distances between traps in this study were well within their 24-h dispersal range Ruff 1985, Taylor et al. 2010 ). In addition, weather patterns are not expected to have varied within the Ϸ4,000 ha of the ARDC. The most probable factor responsible for disrupting the synchrony of trap collections in this study was availability of local resources associated with sampling units. Larval developmental sites for stable ßies, as with most ßies, are ephemeral and may be limiting resources with respect to population growth. Stable ßies orient toward potential larval developmental sites by using olfactory cues (Tangtrakulwanich et al. 2011 ) and disperse from them upon completing immature development (Taylor et al. 2010) . Movement of hosts and availability of carbohydrate sources may be contributing to reduced synchrony of trap catches as well. The linear relationship between the coefÞcient of synchrony and distance indicates spatial autocorrelation of this metric over the range of the study, Ϸ9 km.
The seasonal variation of catches among traps observed in this study was unexpected. Mean pairwise KS-D values exceeded 0.20 for all years indicating that the average trap pair differed by Ն20% in cumulative percent catch at some point during the year. Neighboring traps were more similar than traps located further apart up to Ϸ2.5 km. Traps that collected a greater percentage of their annual catch later in the year tended to have higher overall trap catches and be closer to conÞned livestock facilities than those collecting a higher proportion of their ßies early in the year. Larval developmental sites in pastures are primary contributors to early season stable ßy populations in eastern Nebraska (Taylor and Berkebile 2011) and Kansas (Broce et al. 2005) . Flies from pasture associated developmental sites may account for those collected on traps not associated with conÞned livestock early in the season. Pasture associated larval developmental sites tend to produce few stable ßies later in the season, probably because of microbial and chemical changes associated with decomposition of the substrate (Broce and Haas 1999) . Larval developmental sites for later season stable ßies at ARDC have not been characterized (Taylor and Berkebile 2011) . The observation that traps associated with conÞned livestock collect a relatively greater proportion of their stable ßy catch later in the season may be an indication that the late season larval developmental sites are associated with those facilities.
Number of Traps. Variance among traps within sample dates indicates that a relatively large number of traps are needed to effectively sample stable ßy populations in mixed agricultural environments, especially early and late in the season when mean trap catches are low. Likewise, variations in temporal catch patterns indicate that multiple traps located 2.5Ð3.0 km apart are needed to measure seasonal variation in stable ßy populations. At ARDC, the quality of the seasonal data declined when as few as two traps were removed from the 25 trap samples.
Many factors can affect stable ßy catch rate on sticky traps within sampling units. Catch rates can differ by Ͼ15-fold among sampling units within 10 km of each other. Landscape features such as conÞned livestock facilities can affect seasonal catch patterns of associated sampling units and ephemeral local resources can affect shorter term ßuctuations in catch rates. Extrapolation of trap catches to locations beyond 1Ð1.5 km may lead to faulty conclusions, with respect to population levels and dynamics. Results of this study indicate that a relatively dense grid of traps (Ϸ1 km) is needed to accurately assess stable ßy population levels and dynamics within a mixed agricultural area. Brinkerhoff, Briana Gaston, Andrew German, Andrea Gutsche, Steve Herdzina, Megan Himmelberg, Corinne Kolm, Lisa Kotas, Lorraine Leiser, Eli Olsen, and Brad Voelker provided technical assistance. This work was done in cooperation with the Institute of Agriculture and Natural Resources, University of Nebraska, Lincoln and as a contribution to multistate project S-1030.
